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(57) Abstract: The timing at which 
a probe light beam is projected to an 
optical switch device of a terahertz 
wave detector for detecting a terahertz 
wave emitted from a terahertz wave 
generator and transmitted through 
a sample is vibratingly varied by 
driving a movable reflecting part of 
a variable optical delay device at a 
predetermined vibration frequency. 
The detection signal generated thereby 
and periodically and vibratingly 
changing is subjected to frequency 
analysis by a spectrum analyzer of 
a spectroscopic processing unit. The 
detection signal has the same temporal 
waveform as that of a terahertz wave 
and subjected to scale conversion. 
Therefore, the frequency analysis of 
the detection signal enables frequency 
measurement of a terahertz wave 
in real time. As a result, real-time 
spectroscopy is possible and the 
system configuration is simplified. 
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25 itTt^. ^^i7->7>A0^i^7 L 7 / \;i/^^il^^^^^ 
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5 4 KTgftSnTViSffifi&teS* ^t5f7A^yiOH»Sfi 
ROW >^^L^TlfiElTfc^. 

KjesfcttsgHTsdi^ffi-x?**. c©g^©^J6, *mm&m\z 

*H>X*>, i«Tgi5 3©ftJOTG5 3 a#, pJ^iiMfs 4 0 X©7°D 

fg9 (A) i~I9 (B) 0K, yp-^^fiO^KM^ 

h;u#£©«fc5K:£ffct*£j&>&jS"r. IS9 (A) pj 
mytmm%s4 0©JgS}M&!!&f s = 0. 5 kHz KI3*EL7c±I£©&tiJ 

iw^(Dm^7,^9 h)i (M7 mizmvtchotmc) t&d, £©£ 

tfcajm#©J5ifc&l 0 kHz »77^yiUC 1 TH z ©J5&&I* 
&fi&®j) ^©S^IIlTO. 5kHz7>bO. 7 SkHztCi^ 

-rst. fcfflM#©M&&*^ h;W£, 19 (B) @©ck"3 
fcfc*. £©£#> ^tUm^©^^mi OkHztt77Ai^|0O. 

6 7 TH z ©^&&J&#£*hfcLX^£. 
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xwje (sno T**tftttnt^©««[«[tt v mz\*. lOkHzn, m 

JtaHIfcS^ftTLS?. ^HT, <Mft8B5 3a4f. Pl£7fr^i&4 
kHz^e>0. 7 5kHz«^T3£, /OH/U7^M54$f 
£lTHz/^bO. 6 7 T H z £ <h § OT* £ . 
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9, f7^7$»4gl 0Rfff7^yjSttIHS2 0 tit 

e>nT^5. i^Lfca*e>, ^□-7^^^ 3 5c*^tii nmvy 

ltWil3, 2 3£flH>?\ Sfc, 3fe7^7flf 10a^2 0 

f7^1/7^4SfflO^'fy^f 1 0 a^am^n/^^ 
10 $I/>X14 HckoT1f>7 0 ;l/B(D^^— owftici^^no^i 

'w-sasnfct, i$i/>X2 4i:j:oTft$$n^, xwi/>x 

2 2§1T> x^^^^^tb^fflOTtX-T y^m^2 0 afCAIt£tl 
t(C«t^T, it>y;PBCD#^(7)^{COViT<7)7>^y^^tf O Z\ttf 

15 

20 1f>7 0 ;l/B(D2^7C<Z)^^^^1li^a'l^^t$n^J:e)^-!t>7 0 ;i/B 

^l$ts:i:i:ioT, +f->7>B£^ • m^.hx^yy°)VB\z 

i^tlT^D, 2 ^Tcfrtt-f * - v > 7*tf)$J£lIii? 5 «fc ? fcfc 
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&&^$Elfcf IRtf f 2<Aj&#£MiR^&2C>CDA*>hV\"7 7^;U^ 
5 5 4 aM5 4bMMgitlTfflUbtlT^§ 0 

<^t'O^Sf 5 5 HioTlS^n^. 
15 jM*Mfcfc3U 1*->7°;i/B<7)&feS(;:*fU JU&ffcf llCfcttSSStt 

t££A>KA'X7^;i^5 4 afc«fcD, Sfc, f 2 tC*ttS2» 

1#H4£A>FAZ7^;i^ 5 4b£cfcD.fHrt5. Mii5 3^ 0 
Slft^A/DfM^lt, dtlbA> F/U7^fJ^ 5 4 aRtf 
5 4 bCM^nt^O, A>FA77^;l/7 5 4 aRt;5 4 b^S© 

25 1t>7 0 ;i/Bl^(DtlK^^tIO^TCD 2^76^7^^ ^-vB '^r^^-r^). 
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mi£?-?(Dnm\z£^xftftmffiZft?&?\zmi&LT%&^ a -£rz, 

A7^^<if 5 2i:iDiII[X^^ h)l^tbtcW:\Z, it)igl5 3 

n^mn^nrcm^<Dm^mmz^n^mmw^(Dmm^ib^t^ 
itz&otmmomm • mtttn omf&t-t&ztbm'z-c&Zo 
(I4®iffi^i) 

~!f§12 (B) 0ilS^#ifi^-T5. 

*mmmmte, 3 0 \z-D^x\tm 1 (Dmmmmtmmx$> 

X-f^flfl 0 a^ffl^T^. 

7 L ^^\;i/^^m§52 0 titii> f-©^^f-yfif 20 

am<, mk<D%7.< y^m?2 0 a # 2 &tc fcffi?!l«*nT*Jfc$ 
n£2&^&amT&£ft*^y^2#7cSB1Ig!CCDS1I2 0 cifim 

^btn U ^- hfti: LT1f>y;UB tCfigW • M$nf;77AJI/7l 
tt, *ft£tt-f teSs U hft(D^^TftX< y^2^7£S3«i!C 
0 c (CAItt"^. — 7°P-7*ft«7°n-7*ft#^ 3 5 C 
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3 3l:J:oT£lt$n, ^>X2 5 {CckoT&^tl/i^ 1/>X2 6 
£^UT(3;£¥tT&:n U^-h^tlT^-f y^2&7CiBSMCCD 
g«2 0 c ^AMt"3o dOcke)^1i^^J;0, ftvW 2 ^teISM 
SCCDgf20 c^&^X^y^il^ 0 al:«koT, &&g£AU 

7 f 2 ^SiiS C C Dgf 2 0 c 112 (A) 

BHCjK'T.k'Sfc, 2^7C^^a^ • 'E^JSnfctt»[(?)iiy> 2 0 Ofr 

b^^T-^^;i/^^m^2 iot, x^;i/y&&mg&2 1 o<dm%. 

<DO.=.y h 2 0 Ofrb0{f^£#*tT3fc&<Dl|?f#*f(£&2 0 4, f# 
#^gB2 0 4frb0m^£M^JiiTfcie>(DCCD;/7 hl/vA^ 2 0 5, 

2 0 6 tfrZMj&znx^Zo 

T-y^\)Vy^th^2 1 0$^^-r^€-^-^ F 2 0 0 H 

x^;L^i££^mT3£&cMx-f 7f2oi t, m^-mi±^miEi 

g§2 0 2, SlXS. /OhVU7^^ 2 0 3 i^bM^tltt^o C 
ut, ^X-T 7f 20 1 te, f§2 (B) HOt^A^ -y^lf 2 o atn 
-OifiE^LTl^, m^-SIE^^lEli?§2 0 2&<y.7t>F/\°X 

7^M 2 0 3H 18 (A) @{I^L^^2(D^JS^«J^^^^meit 

-nj£^^7>^5 1 s.txn> H/tA7>r 5 4 £pi-<Dii/&£WL 

r^to-fe, h 2 0 0 M&&##r£fr'5#ft$!Lg 

f7^1/7iW2 10TH gSf©azyh 2 0 0^ 112 
(B) 0ti$n5«t5l:. 2^7£JKCiB^J$nT*5 0, &3-—y h 2 
0 0#-H*C*tffcU£:i:=. y h 2 1 0 £«fc D lil^MlTt^, 
:n^lt©^-7 h 2 0 0 H ^#ff£&2 0 4 CftttSnt^S. 
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it-) *5i)$snT*o, ^7h2oo^ei^nT<5iii 

ft (Dimnffi *^#?«£&2 0 4«, CCDy7Fl/yX^ 
2 0 5 CiiSnT^5. CCDy7M/vX^ 2 0 5(l M^Wm^ 

HT, ^M^n-y £/t;UXte, §a--/h 2 0 0*^i 
ffir#ai^2 0 4^<7)S^©te2l, Rtf, «ffi«flH8 2 0 4TCDm^©^ 

SfcfHfrr sfcfcoflMtTfco, Sc^fc*L^n^^/i;i/x«, ccd-> 

7 YVV7,9 2 0 5 £J;5ttffi*fXSB2 0 4 b O«ffif<oa*«: L 

frfrZm&Obt, ft/W y ^ 2 &7iUWmC CD mm 2 0 c iZAM 
Ltz : T7'\)iy$L<D2#;7€'( fta-y h 2 0 0 fc:feV>T» ft 

x-f-yf 20 nf®*ffi^tLTttffl$nfc^ msst-mjE^&iui® 2 

0 2Rtf/\*> K/tT.?^;^ 2 0 3 Cfcotf S-tE^i • Mfc^M 
ftStU &£fSflt&2 0 4^lTCCDy7hl/yX^2 1 OT^I 

$ti§. £3 Lxt#bnfc2^7c«^< /-vtt, "x-^^y 

ftSZ.tifivmtfc'DT^Z. ±MO=k 2 (A) -12 

iffifeTf7AJl/7e^/-y>^->XfA^lt5I 
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2 0 c £ l#7C&ffiil£©#&;Lnfcf, RUSK 1 ^tc-T $>0fNII£ 

X7^;i/y»«iaig2 o tbT^ftife^<>yfifi o o 

Electro-Optic Crystal) fcftfifcKJ; 5f7^7l 

fill 3 0(1 *^BJ©^5(7)||li^^^^^x^^>'l/^^^7 l e§§l© 
*mMMM\Z&^T\*. f7Ai^7il4Sl OitTHEO^a 1 

£<E><k-5£,. EOigill 0 b£x^Aji,>.y$E^£§§i 0 tLTffl^S 
A°;l/X^M1 0 O£t)7xAhf^/i;UX&<!f0I!l^ft£E 

EOigi2 0 b £5 t 7'\;kyi&tfcHJS§2 Otllffll^l^C 

tt» f^A^^iotiiaoTEOiBi^ o bi*3K:#y*-;i/X3frma* 

Rl F f^CDiS7 , 6t»c^i:$nfe7 0 D-y7 , 6?:E0^^2 0 b 4> fC®ii£-ti:, il 
ii«©^ , D-^3t©3ft«S5fl:*«3£-r*IltH«fcoT, EOgi2 0 b 
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*mmmM-c\z, rtfrxytmi o o*»eofle^t t&mv>xi 1 

^LT> T-7^;UyJSf84gl 0**j«-r*EOISai 0 btzAttf 

2 2^LTf7^7S«ffiS2 0£#|j&T3EOIS H E i2 0 btA» 
EO&H2 0 b<D\KU>X2 (x 7 ^^IV &A£t#J) C7)MK&> 

Uy^6 1 KlJ;oTii8HBftK:£nT, %mvyX2 1 ^bTEOig 
H2 0 bKAiff 5„ £0^2 0 51:77^71^X11 

^D-T^te, :©E0i B B a 2 0 bl*l£iIi&LTlj§m&^/fSI$i2 7 
TRSL, ¥f(CJfE03eS2 0 brt^fiiBbTmifr*^, mmmmmt 
**4CT^«E03»II2 0 bft^iljiTSdilCkoT, -€-©<s^SI 
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oT\EOl£ii2 0 b£AI*Lfcx7^;i'y&£&ffi1-£;i£#T#£. 

2 ©ftfc> d tc, m 2 3 (Dnm&mok ? iz^-^tzmmo^ 

>hVU7^Jl/^54*ffl^Tfe«fcK ^j^.|j;f7A^7^4 
§§ 1 0^7^7fi^l 0 a, &m§§2 0£EO*SJI2 0 b 

^3 0^7 a D-7^fi3 5, Rtf, ftflgl 0 O^Slf-AX^U 
ffl^5EO^ B ilT{t ZnTe, G a P^DAS Tfj:t\ 
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&t£#^30, 3 5, 3 8, RyMil^5OCOUTfll50M 

*mmmm\z&\,*T\$, 7fr&m§§6 o a^^6 o b\tmm7>7°e> 5 
icg^n-rfco, c:ntCckoT±iH©«fc'53a:a!i^*^SbT^5. £ 

»7>7°6 5 te^Mm^ 5 0(D7,^hyA7±y^(1f5 2%.tfmVi 
Si 5 3Cgi$nT, ffi©^Jfi»ft<i:ig«lcH«[«»«fXt;»3t*«f 
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(a) HR^ii5 (b) m\zm-3%mwtz>o 

115 (a) mt, ^mom7 <Dmmmm\z^^y^\)iy^yt 

m-xtemmtmj&^ftizitm-tt^zttL, ^<Dm.w\z%m-f s» 
W}myt^%3 o\z-o^x\tms(Dmmmmtmmi:$> 

0> xT^l/y&fg^i&l 0 iiLTteEO^ill 0 b^fflUbtl 

KttJfc UTc^CD* t £ £ & Z\ t T 2 #7C< * - v > pjfg £ fc 
2#7G*fcttIffl<0EOigfi2 0 d^ffll^ntl/^. 
f7^^SMil 0$Mt§EO^ B l 0 bfrbfg£ • aits 

1 3 aWl 3 bfc«koTit*Snfcft, ttftbifc&SflSl 3 c £«fco 

KAIffS. -77, ^P-7*7^«, yP-^^3 5 IC*^T» Sit 
i£3 3T£lt£n, l/>X2 5l:J:oT^nfci, U>X26^ 
LT(t«¥fT^n'J/-h7fe^Sn, ilftti-AXyU 6 1S« 
S«6 6 fc«fcoTffi£0iS7fcttJB£$ttTEO*Sil2 0 d'xiAlff 5. 

EO^f B 2 0dilM$nfcitMIli2 7fccfcoT£lt£ftfc 
yp-^7ttt, mflfc£«6 6£3MU »13BCSl/fc»50^tt 

-^7t^**Rit ' tti7J$ft&o -(S^h'-AX^U yd? 6 l^bffi7j£ 



1 V.1/UJ uu/utwo 
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2 ^ - v y y-hmM $n^o 

Z\Z\X\ ^mf§2^7cESSCCDg«6 ^1 5 (B) id 

ccDgi2 o c tmm-vni&zGVT^Zo *su ytm&$&2&ft 

ISllCCDgf6 7 it, %7,< 7f 2 ^7C@BgM CCD gf2 Oci 
fctgfcO, 7feX^^^2 0 l<Z)ttfc>0£. Sfl5(Z)|lM^i (I13i) 

T^fflbfc7t^m§i6 o tn-m^<D%^.^2 6 o^iAt^s. -t 

10 fctoS, fttfctiJS2#7GEM!CCD81I6 7Tlt §ll*Lf; 

h 2 0 0#\ 3t«imS2 6 0 ^tHS2 6 0 5 ©fcfflttgS 
fc*m-*E&&T**i«-«JBE£ftlHl8 2 0 2 i, *«E-fltEE&ftlsl 
g§ 2 0 2 ^6»(DI|i£if^W^^0r^Oli^i:(Dm^ : S:3iiRT^n> 
X7^M 2 0 3 t^6M$tltt^ 0 frfr%Mf$,$:fi1rZ>m%C<D3- 
15 -7h 2 0 0 (l 112 (B) BtC^tfcTtX-T ^^2^7uiHMMCC 
Dgf2 0ct^l:, 2^7U^(CiB?iJ$n, *«fiK»2 0 4&^C 
CD-/7 M/i/*X^2 0 5 ^bTjlTgI5 3 KlJftttSttTHS. 
SSS6 6<!:ITH Mm-fu-y^zMbT^i: 1 / 4 

25 ffl^fci^C^^T^ 1 0 B£#flRLTSi9ibfc$§'&©«fc 5 ^> 
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Ill 6@fi, *58W©«8 0*M»tt»c«*x7A;i/y«[^gi© 

15 v-y^fry&i&m^tzftytmfeiz&^T* m&yt&tf7n-7yt<oyt 

1 kHzft'TT*5»^l:, ^©aH^OS/ 
20 NJfc£!tfbSii-'5JRB£fcS. 

•5 £7^3 -yA'7 1 LT, @rjS7fc0ON/OF F££ • 

25 5^3 y^Slg|l7 2 Ci^^a y/U 1 (DmWiMWLWi* f 0 = 5 k 
Hz, W^ftgM2§4 0CDjf®jMi£$[£ f s = l 0 0 Hz ilTMi 



a vi/v»i uw/vtirru 
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0iJ^tfX^^h7A7t7^lf5 2llJ:9T5kHz~7kH 

/ f /^xo^gfcStt^^Tfeaa^srfrs z.t&*imttsiK), s/n 

Tfef 5 7/tIigI7 2£S?#fgg5 3IC^ilbT, •eo&Sjffi&gtfP 



42 

(C), (D) Hfcwbfc#»», IE&&^giM£&£8l*&&^{;:£c> 

icj&ct, M«jrrntf&<, ^otgHibx^, fja«iohz~ 

100kHz g£#*$f SLK 

^n-yft©^^ S >?*ffife(Dm$Lmz£~DTMW]i£i£Z>tzib 
®Rj£ttiIJIS3 4 0(DpT«jS^4 3<hbTte, ±$©mS^Tte, 

;U*AM® pJttflifcftfcttT** 20Hz~20kHz 3§^<Z)JIi!iJi?£ 

fc£M0«^fc(&T«)£Tn«, &kHz@&©M$6&£«fcoTK8i 
-rsct3&*pJffiT*5. {SU ftS&SIU 3 a tl/Ttt'J ho U 7H 

z£-t}*m\,*rzmf&skf>uzh. m*u*!m&ttU4 3 amis. 
*«#Ae>ns. mi 9i~i2 2ii:, Bjftsitfflu 3 tit, xtf- 



A VV/V^VTU 
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£V>Tte, 7^^lt^4 5a^\ £j#£4 5 e t^LT/tT>4 5 b^^L 
TM#ttbnfcE54 5 c tit^ntl^o 3ifti$4 5 e ©154 
5ct:^t^^l:tt i!54 5d^M$tiTi^o 
4 5 d£ftj§3SflfJ$l^E4 4 j&> bCDfMm^JC J: ? TKIftL/T, ft Eft 

ttfll£*Jtr>T«, $7-fc£©ft£l*gB4 6 a*^x7if4 6 b CD— 

ttcajtsnx^*. :©exy*f4 6 txafl&sgteHjesu 6 c tea 

$4 6 ate, EPJn$n^miEHtfc^oTig®j-r5o 

12 1011 h°X h>*ffl^fcRfKiSW«4 3®M$if 0 
m\Z%\t*X\*> 5 7-&Mg»»4 7a^ TO4 7c(7)tt 
pJi!j(C^g$nfctfA h>4 7 bfcBJ&Snx^*. $bl:, hfXh> 
47b*^7>i7l8i47 d^ltt-^4 7 e tgi^tlt^S. 
Lfc^T, ttEltfflU 7 a#, ^-^4 7 e ©@glIlfc*^Tia 



M AtVM VW/WTVTU 
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^XOifiUf^Uffl^-rs. t?7 h>4 7 b^tSH4 7 

ST. ^HMWd&^TfcL pJK^ 7-4 9 aM^^ 7-4 9 b & 
7°D-y7t«pJ»J^7-4 9 a£@£^7-4 9 bt©F^lt@ 

(DMlZ&^Tte, 7°D-7^«@^^7-4 9 b T 2 [HK5t2 tlT 3 ffi 
IbTViSOT, rJ»j^ 7-4 9 aO^lil^O. 3mmT*ntffO 

nJ£ft>I®SS4 Ote, E&HS4 1,4 2 £l»II&g&gB4 3 <h 

SigS4 0tt, 123 (A) Hl:St«k5l:, l*J»j2HfifflU 8 <h7£3§M 

M»ft*4 4ij&^«itfG-rs«fc7tLTfe«tvi. :nn S»»4 1, 

4 2,4 3 £7°D-7*7fc^3 SlIIiittS^^^fiCf^T^ 

§ o 

pJij^ii^4 8 ilttt ^^.il ^2 3 (B) 0K:7KT«fc"3fc#7 
X@<i«T«lric-r*^t^T€?5. Z\Z.X\ #7*lHU£«T*5Bjlb& 
ftfflU 8tt, ^n^n#7;*tR0ff$J&*Sfc3 1 6fi0#7*M«4 8 
a-48p$|LTM$nil^, Wfctf, ffi&4 8 a GD#77J¥£ 
£1. Ommi U {£$4 8 b (DJ?££ 1 . 3mm, i^48c$l. 
6mmt0. 3mmtfu/^T;>J7 7J?££J?< U jfi*4 8 at^t 
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5fg«4 8 i TI^f^03. 4mmtbT, 4 8 j &m*M\ZO. 
3mmt:7?T^7X]|$$i< IT^f, 0^4 8 a©)? $ lmmfc 
M^li^i-r^o fcjEU #««4 8 a~4 8 p|*3k:fcV>Ttt, 

mtmX\fl. -5T$5*^, fOI$A«0. 3mm|gt)5i^tt 
0. 15mm^fblT, 0. 5 p s ©^Il$±D-5. 12 3 (B) 

ia(i^bfc^7xn^T«, M4 8aii«4 8 i Tvm&mmm 

©K!5£l;::feV>Tffl*£4 8 j <Z)JP$£3. 7 mm, I^48k^4. 0m 
mil, M^4 8 p-Cg*J¥£<D 5 . 5 mm £ £5 «fc 5 £1B« 4 8 a 

TtiiM^g (Optics Commun., vol.36, p. 406 (1981)#$Q ^> 
*>^Rtf#;p/W$7-T*J&$tt*#jIM£fll (Optics Letters, 
vol.22, pp. 1811-1813 (1997) #10 &<h\ fcJ*J*fc: «fc 0 , t£&&§£ 
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10 



47 



10 

25 ^^yft»3t». 

2. WBHftft^tf^Stt* iME*fflM#SH»R#tffc«koT« 
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JRT3£&tf)A> KA*:7^;i/^£&5£<h£#ifc£1"5li5l<^lE 
^Stf, &«8:0A> Frtxy 4 )V9\z£?TM1R2ii1tVi&<DmtiL& 

5. jWE»5t«ia.¥att» a5E3tii2ifi»¥a*fW»UTWE»^-r 

©R«*fctt«H$nfcWEfi»«»»K:»tJ^T«»[«c^#r*ff 5: 
t*1**fr*lt*9IlE|ROx7^y«»3t». 

7. ME7 t 7^;uy«5§^SRtJfWE5 t 7^!y«lfeffiS©^j:< t 
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